Although administration of galanin or insulin alone may enhance insulin sensitivity and glucose transporter 4 (GLUT4) trafficking, their cooperative effect on insulin sensitivity is still unclear. In the present study, we evaluated the cooperative effect of both reagents compared with solitary treatment with galanin or insulin in type 2 diabetic rats. Galanin and/or insulin were injected singly or together into type 2 diabetic rats once a day for 15 days. The results indicated that coadministration of both reagents compared with treatment with galanin or insulin alone significantly increased glucose infusion rates in euglycemichyperinsulinemic clamp tests, 2-deoxy-[
Introduction
Type 2 diabetes mellitus (T2DM) is a metabolic disorder characterized by hyperglycemia with insulin resistance, followed by b-cell failure. Traditional therapies centered around the concept of insulin and b-cells for the patients with this disease have only limited success. Reorientation in our understanding of 'insulin and islet pathology' should help rethink strategies that would yield better dividends in terms of effective therapy.
It has been clearly established that the neuropeptide galanin, initially isolated from the upper small intestine of the pig, is abundantly expressed in the digestive system, the CNS and the peripheral nervous system (Jiang et al. 2009 ). As a versatile regulator, this peptide may ameliorate insulin resistance via boosting glucose transporter 4 (GLUT4) translocation, leading to glucose uptake into adipose and muscle tissues (Guo et al. 2011 , He et al. 2011 . Recent studies have provided compelling clues about the relationship between galanin and insulin sensitivity. First, high levels of galanin receptors are found in the skeletal muscle and adipose tissue of rats (Li et al. 2004) , i.e. the key sites involved in regulating glucose disposal and insulin sensitivity. Second, diabetic rats have an obvious reduction in plasma galanin levels and galanin-immunoreactive cell numbers in pancreatic islets compared with nondiabetic rats (Adeghate & Ponery 2001) . And animals with galanin metabolic disorder easily suffer from T2DM (Legakis 2005) . Third, during an oral glucose tolerance test, the galanin concentration in healthy volunteers was positively correlated with blood glucose levels, exhibited a significant increase from time 0 to 90 min, and returned to the basal values at 180 min (Legakis et al. 2007 ). Fourth, galaninknockout mice experienced impaired glucose disposal resulting from a reduction in insulin response and insulin-independent glucose elimination during the glucose tolerance tests (Ahrén et al. 2004) , while the homozygous galanin transgenic C57BL/6J mice with the obese phenotype showed reduced energy expenditure and enhanced insulin sensitivity (Poritsanos et al. 2009 ). Finally, administration of M35, a galanin antagonist, reduced Glut4 (Slc2a4) mRNA and GLUT4 protein expression levels in the plasma membranes of myocytes and adipocytes, as well as glucose infusion rates in a hyperinsulinemic-euglycemic clamp test, which was a direct assessment of insulin sensitivity in subjects (Guo et al. 2011 , Liang et al. 2012 . These results indicate that galanin is an important hormone for elevating insulin sensitivity and glucose uptake, and that T2DM results from impairment of the functions of both galanin and insulin in the regulation of blood glucose homeostasis. Thus, the question is inferentially raised as to whether coadministration of galanin with insulin could have much better efficacy against T2DM than traditional insulin therapy alone.
To date, there are few results addressing the coadministrative role of both reagents in the treatment of T2DM. The current experiments were designed to estimate the cooperative effect of galanin and insulin on insulin sensitivity in the muscle tissues of the rats with T2DM. 
Materials and methods

Materials
Animals and grouping
Male Wistar rats (150G10 g) supplied by the Animal Center of Tongji University were acclimatized at 21G2 8C, relative humidity 50G15%, with a 12 h light:12 h darkness cycle, fed with a high-fat diet (59% fat, 21% protein and 20% carbohydrate), and water and allowed to eat and drink ad libitum. Each cage contained four rats. At the end of 8 weeks, rats were treated with 30 mg/kg streptozocin administered intraperitoneally (Atalik et al. 2010) . After another 4 weeks, rats with fasting blood glucose level over 11.1 mmol/l with the symptoms of diuresis, positive glycosuria, and weight loss were classified as T2DM models. The experiments were carried out during the light phase of the cycle (0900-1100 h). The 64 model rats were randomly divided into four groups: diabetic control, diabetic group with galanin, diabetic group with insulin, and diabetic group with galanin and insulin. In addition, a health control group was set up. Every group was composed of 16 members.
The rats in the three drug-treated groups were treated with galanin (1 nmol/kg, i.v. injection), insulin glargine (2 U/kg, s.c. injection), or both once a day for 15 successive days. The rats in both control groups were administered saline vehicle at same time. All animal procedures used were performed in accordance to the Guiding Principles for Care and the experiment was approved by the Tongji University Ethics Committee.
Hyperinsulinemic-euglycemic clamp and 2DG tests
At 6 h after the last injection, half of the rats in each group (nZ8) were anesthetized using an i.p. injection of 3% amobarbital sodium (50 mg/kg) individualized to each subject's body weight and subjected to hyperglycemic clamp tests, as previously described (Guo et al. 2011 ). Insulin at a constant rate of 2 mU/kg per min was infused through a catheter into the jugular vein until the end of the test. And 10% glucose was infused at variable rates as needed to clamp glucose levels at 5G0.5 mmol/l. The glucose infusion rate was calculated corresponding to the last six samplings at the stable clamp level.
The other half of the rats in each group (nZ8) were fasted for 24 h after the 15-day treatment and then received intraperitoneal injections of 250 mg/kg 3 H-2DG
for 20 min in the 2DG tests. The quadriceps femoris and 4 ml artery blood in the 2DG-treated rats were rapidly collected and stored at K80 8C until further analysis.
Real-time PCR
Quantitative PCR was carried out as described previously (He et al. 2011) . Total RNA was isolated from 100 mg muscle tissue using Trizol. The RNA concentration was measured at 260/280 nm. cDNA was synthesized using the reverse-transcribed Premix kit as described by the manufacturer. b-actin was used as an internal reference and the mRNA expression of target genes was shown relative to b-actin. 
Isolation of plasma membrane of myocytes
Muscle homogenates were separated by sucrose-gradient centrifugation as described previously (Jiang et al. 2009 ). Briefly, 12 g of skeletal muscle was minced and homogenized in cold buffer. The homogenate was then centrifuged at 1200 g for 10 min at 4 8C. Part of the resulting supernatant was used for the measurement of pAS160 contents or 3 H-2DG uptake using a liquid scintillation counting (Tri-Carb 2000, Packard Instrument Co. Meriden, CT, USA), and the remains was centrifuged again at 8000 g for 10 min. A sample of the supernatant was used to determine PKC activity using an ELISA kit. The remainder was layered on a 25% and 50% sucrose gradient and centrifuged at 210 000 g for 2 h with L7-55UI ultracentrifuge (Beckman, Indianapolis, IN, USA).
Measurement of PKC activity, plasma RBP4, and insulin levels PKC activity was measured using crude membrane preparations with the nonradioactive PKC activity kit according to the manufacturer's instructions. Plasma samples were obtained through centrifugation at 210 000 g for 2 h at 4 8C. Plasma insulin level was determined following a standard protocol with an ultrasensitive Insulin ELISA kit. The RBP4 contents were quantified using the competitive RBP4 ELISA kit with an intra-assay coefficient of variation (CV) of 5% and interassay CV of 9.7-9.8%.
Western blot analysis
The samples (50 mg) from the subcellular fractions were separated by 12% SDS-PAGE and transferred to a nitrocellulose membrane (Zhang et al. 2012) . Then the membranes were immunoblotted with a primary antibody against GLUT4 or pAS160 C-terminal peptide and a HRP-conjugated secondary antibody successively. The blotted bands were visualized by chemiluminescence and quantified by densitometry with a HPIAS-2000 Image Analysis System.
Statistical analysis
For statistical comparison among groups, a 2!2 ANOVA followed by Tukey's test was employed. Data are reported as meanGS.E.M. Significance was accepted at P!0.05.
Results
Body weight, blood glucose, and insulin levels
The effects of coadministration of galanin and insulin vs each agent on body weight, blood glucose, and insulin levels in T2DM are shown in Fig. 1 (F(4, 40)Z8.6, P!0.0001; F(4, 40)Z42.9, P!0.0001; F(4, 40)Z24.1, P!0.0001). Compared with the galanin-only and insulin-only groups, the body weight in the coadministrative group was decreased by 1.5% (PO0.05) and increased by 3.3% (PO0.05) respectively; the blood glucose and insulin levels were decreased by 40.4% (P!0.01) and 19.2% (P!0.05) and 29.4% (P!0.05) and 39.3% (P!0.01) respectively. The body weight, blood glucose and insulin levels in the galanin-only and insulinonly groups compared with the diabetic controls were increased by 21.2% (P!0.01) and 15.4% (P!0.05), and reduced by 16.1% (P!0.05) and 38.1% (P!0.01), 33.3% (P!0.01) and 22.5% (P!0.05), respectively. In the diabetic control group these indices were reduced by 18.8% (P!0.01), and elevated by 118.0% (P!0.01) and 139.6% (P!0.01) respectively compared with the normal controls.
Hyperinsulinemic-euglycemic clamping
Cotreatment with galanin and insulin obviously increased the glucose infusion rate during the clamp tests as shown in Fig. 2 (F(4, 40) Z40.97, P!0.001). The infusive rate in coadiministrative group was increased by 29.6% (P!0.01) and 24.4% (P!0.05) compared with the galanin-and insulintreated group respectively. The rate was increased by 40.8% (P!0.05) and 45.6% (P!0.01) in the galanin-and insulintreated groups when compared with the diabetic control group, respectively. The infusion rates in the diabetic control group were significantly lower than those for the healthy control group (P!0.01).
Measurement of 2DG contents
In this study, simultaneous injection of galanin and insulin significantly augmented the 2DG contents in the myocytes of diabetic rats (F(4, 40)Z25.1, P!0.0001). The contents after coadministration of both reagents were enhanced by 31.1% (P!0.05) and 29.1% (P!0.05) compared with treatment with galanin alone or insulin alone, respectively (Fig. 3) . Moreover, the contents in the galanin and insulin groups were increased by 44.1% (P!0.05) and 46.3% (P!0.05) in comparison to the diabetic control group respectively. Whereas the 2DG level was lower in the diabetic group compared with the healthy control group (P!0.01).
Plasma RBP4 concentration
Compared with injection of either galanin or insulin alone, the coadministration of both reagents significantly attenuated the plasma RBP4 concentration in the myocytes as showed in Fig. 4 (F(4, 40) Z26.4, P!0.0001). The plasma RBP4 concentration in the cooperative group compared with the galanin-only or insulin-only groups was decreased by 22.1% (P!0.05) and 19.3% (P!0.05), respectively. The RBP4 content decreased by 22.4% (P!0.01) and 25.1% (P!0.01) in the galanin-only and insulin-only groups, respectively compared with the diabetic control group. The RBP4 level was higher in the diabetic control group than in the healthy control group (P!0.01).
Glut4 mRNA gene expression levels
In an RT-PCR study, we found that coadministration of the two hormones elevated the Glut4 mRNA levels (F(4, 40)Z16.94, P!0.0001 Fig. 4 ). As shown in Fig. 5 , the Glut4 mRNA levels in the galanin-only and insulin-only groups were enhanced by 41.0% (P!0.05) and 52.5% (P!0.01) respectively compared with the diabetic control group. Although the coadministrative group compared with the groups treated with galanin or insulin alone exhibited an increase in the Glut4 gene expression levels of only 14.3% (PO0.05) and 5.7% (PO0.05) respectively, the expression levels in the diabetic control group were lower than those for the healthy control group (P!0.01).
GLUT4 contents in plasma membranes and total cell membranes
As shown in Fig. 6 , the coadministration of galanin and insulin elevated GLUT4 levels in both total cell membranes The effects of coadministration of galanin with insulin vs each agent alone on body weight, blood glucose, and insulin levels in type 2 diabetic rats (nZ8). The body weight of the rats in the coadministrative group (DIG) compared with either the galanin-only (DG) or the insulin-only group (DI) was almost unchanged, but the blood glucose and insulin levels were reduced. The body weight of the rats in the DG and DI groups was higher than that of animals in the diabetic control (DC) group, but the blood glucose and insulin levels were lower. Compared with the healthy control (HC) group, the body weight in the DC group was lower, but the blood glucose and insulin levels were higher. All data shown are the meansGS.E. The coadministration of galanin with insulin increased the glucose infusion rate in the hyperinsulinemic-euglycemic clamp tests in type 2 diabetic rats (nZ8). The glucose infusion rates in the coadministrative group (DIG) were higher than those for the diabetic group with galanin (DG) or the diabetic group with insulin (DI). The rates in the DG and DI groups were higher than that for the diabetic control (DC) group. The glucose infusion rate in the DC group was lower than that for the healthy control (HC) group. All data shown are the meansGS.E.M. BB P!0.01 vs HC; C P!0.05, (F(4, 40)Z17.1, P!0.0001) and plasma membranes (F(4, 40)Z21.9, P!0.0001) of myocytes. In comparison to injection of galanin or insulin alone, the cooperative injection increased the GLUT4 immunoreactivities in plasma membranes by 34.7% (P!0.05) and 36.7% (P!0.05), respectively, but in total cell membranes the increase was non-significant, 4.5% (PO0.05) and 4.0% (PO0.05), respectively. The GLUT4 expression levels in plasma membranes of the galanin only and insulin-only groups were significantly elevated by 80.9% (P!0.01) and 78.3% (P!0.01), respectively and in total cell membranes they were elevated by 80.9% (P!0.01) and 78.3% (P!0.01), respectively, compared with the diabetic control group. While the GLUT4 contents in both membranes of the diabetic control group were lower than the corresponding values for the healthy control group (P!0.01). The ratios of GLUT4 densities in plasma membranes of the total cell membranes were 28.0, 16.3, 24.1, 23.0, and 30.8% in the healthy control, diabetic control, diabetic with galanin, diabetic with insulin, and coadministrative groups respectively.
The pAS160 and PKC activity levels in myocytes
Since direct measurement of PKC isoenzyme-specific activity was not reliable, the total PKC activity was indirectly measured by detecting the changes in the phosphorylation status of various isoenzyme-specific substrates at 1 min. As shown in Fig. 7 , cotreatment with galanin and insulin significantly elevated pAS160 (F(4, 40)Z23.9, P!0.0001) and PKC activity (F(4, 40)Z 21.4, P!0.0001) levels in the myocytes compared with the diabetic galanin and diabetic insulin groups. The pAS160 and PKC activity levels in the coadministrative group were enhanced by 37.2% (P!0.01) and 25.9% (P!0.05), 21.2% (P!0.05) and 28.5% (P!0.01) compared with the diabetic galanin and diabetic insulin groups respectively. Both indicies in the galanin-only and insulin-only groups were enhanced by 34.6% (P!0.05) and 46.7% (P!0.01), 38.8% (P!0.01) and 30.9% (P!0.05) compared with the diabetic control, whereas the two indicies in the diabetic control group were reduced by 50.5% (P!0.01) and 43.9% (P!0.01) compared with the healthy controls.
Discussion
Much evidence supports the hypothesis that chronically elevated galanin may increase body weight of animals through reduction of energy expenditure and insulin resistance. Homozygous galanin-transgenic mice had increased body weight (Poritsanos et al. 2009 ). Infusion of galanin caused a rapid, short, and dose-dependent increase in the blood glucose level (Manabe et al. 2003) with elevated sympathetic outflow (Taborsky et al. 1999 , Kyrkouli et al. 2006 , although administration of galanin for a long period may reduce the blood glucose level via facilitating GLUT4 translocation and reducing insulin resistance (Zhang et al. 2012 ). In addition, it has been reported previously that galanin may inhibit insulin release by inhibiting adenylate cyclase activity through activation The coadministration of galanin and insulin attenuated the retinol-binding protein 4 (RBP4) contents in the plasma of type 2 diabetic rats (nZ8). The RBP4 levels were lower in the cooperative reagent group (DIG) compared with either the diabetic group treated with galanin (DG) or the diabetic group treated with insulin (DI). In addition, the RBP4 levels in the DG and DI groups were lower compared with the diabetic control (DC) group. The RBP4 level in the DC group was higher than that in the healthy control (HC) group. The data shown are the meansGS.E.M.
of petussis-toxin-sensitive inhibitory GTP-binding regulatory protein (Cheng et al. 2003 , Manabe et al. 2003 . In the galanin-knockout mice, the initial short inhibition of insulin secretion was impaired, followed by an augmentation of insulin secretion when sympathetic and parasympathetic branches were chemically activated (Ahrén et al. 2004) . Furthermore, it is well known that insulin may induce weight gain (Evans 1972) , reduce blood glucose levels, and inhibit its own secretion in animals (Wasada et al. 1995) . However, to date little is known about the effect of galanin in combination with insulin on body weight, blood glucose, and insulin levels of subjects. In the present study, it was found that cotreatment with galanin and insulin resulted in further amelioration of glycemia and insulinemia in comparison with treatment with galanin or insulin alone in diabetic rats, but the body weight of animals was almost unchanged. The hyperinsulinemic-euglycemic clamp test is a direct method to assess insulin sensitivity of subjects. An elevated glucose infusion rate in the clamp test indicates a development of insulin sensitivity (Liang et al. 2012) . The 2DG taken into cells is phosphorylated to 2DG-6-phosphate, which cannot be further metabolized through subsequent steps of glycolysis. Thus, the 3 H-2DG level in the myocytes becomes a surrogate for glucose transport. The current study revealed that coadministration of galanin with insulin improved glucose infusion rates and 3 H-2DG contents in euglycemic clamp and 2DG tests vs the same dose of either reagent in myocytes. These results indicate that the combination of the two hormones may exert a synergic effect to improve insulin sensitivity and glucose uptake in myocytes of T2DM rats. RBP4, composed of 181 amino acids, is a member of the RBP family. The serum RBP4 levels are elevated in insulin-resistant mice and humans with obesity and/or T2DM via impaired insulin signaling (Yang et al. 2005) . In obese subjects, there is a positive correlation between plasma RBP4 levels and insulin resistance. Transgenic overexpression of Rbp4 or injection of recombinant Rbp4 into normal mice may induce insulin resistance (Yang et al. 2005) . In contrast, the Rbp4 knockout mice displayed increased insulin sensitivity. Thus, plasma Rbp4 levels may be used as a clinical indicator of insulin resistance and an early prediction of obesity risk (Tajtakova et al. 2010 ). The present results indicated that the plasma Rbp4 levels were increased in diabetic rats, but were decreased by administration of either insulin or galanin, and further reduced by coinjection of both reagents. These results indicated that insulin resistance may be ameliorated by either insulin or galanin, and coadministration of both hormones may result in a synergic efficiency to further reduce insulin resistance.
Several lines of evidence have indicated that the GLUT4 translocation from intracellular storage organelles The effect of coadministration of galanin with insulin on the Glut4 mRNA expression levels (nZ8). The Glut4 mRNA expression levels in the coadministrative group (DIG) were almost equal to those for the diabetic group with galanin (DG) and the diabetic group with insulin (DI). While the GLUT4 mRNA expression levels in the DG and DI groups were higher than those in the diabetic control (DC) group. The Glut4 mRNA expression level in the DC group was lower than that in the healthy control (HC) group. The data shown are the meansGS.E.M. Cotreatment with galanin and insulin increased GLUT4 trafficking to plasma membranes of myocytes in diabetic rats (nZ8). The immunoreactivity in plasma membranes was enhanced, but not that in total cell membranes of myocytes in the coadministrative group (DIG) compared with the diabetic group treated with galanin (DG) and the diabetic group treated with insulin (DI) respectively. The immunoreactivity in DG and DI was elevated in both total cell membranes and plasma membranes compared with the diabetic control group (DC). While the GLUT4 expression levels in both sets of membranes in the DC group were lower than the corresponding values for the healthy control (HC) group. The band sequence of the representative western blot for each panel is HC, DC, DG, DI and DIG. The data shown are the meansGS.E.M.
to plasma membranes of myocytes is crucial for regulating glucose uptake and insulin sensitivity (Liang et al. 2012) . The maximal glucose clearance activity by skeletal muscle is directly proportional to the GLUT4 concentration in plasma membranes (Geiger et al. 2006) . The greater the amount of GLUT4 protein at the cell surface, the higher the insulin sensitivity observed (Zhang et al. 2012) . Targeted disruption of GLUT4 selectively in muscles resulted in a profound reduction in basal glucose transport and insulin sensitivity of mice (Zisman et al. 2000) , whereas overexpression of GLUT4 reversed the reduced glucose uptake in muscle and restored peripheral insulin sensitivity in GLUT4 knockout mice (Ranalletta et al. 2007 ). The present study provided evidence in vivo that coadiministration of insulin with galanin compared with injection of each alone significantly increased GLUT4 contents in plasma membranes, but not in total membranes and Glut4 mRNA expression levels of myocytes. The ratios of GLUT4 contents in plasma membranes to those in total cell membranes were higher in the coadiministrative group than the single-drug-treated groups. These results indicate that cotreatment with both reagents may promote GLUT4 translocation from intracellular membrane compartments to the plasma membranes of myocytes, but the GLUT4 synthesis speed in the coadministrative group is almost as same as that in the insulin-or galanin-treatment groups. In animals and humans, efficient signaling of both insulin and galanin is essential and pivotal for maintaining glucose homeostasis and insulin sensitivity. Now there are clues about the synergic effect of insulin and galanin in enhancing insulin sensitivity.
First, it is well documented that galanin receptors are widely distributed within the insulin-sensitive tissues, including muscle, adipose tissue, and heart, which are crucial for maintaining energy homeostasis and insulin sensitivity in subjects (Lang et al. 2007) . Next, insulin and galanin coexist in the pancreatic islets (Adeghate & Ponery 2001) . The similar distribution of the two hormone receptors offers a morphological basis for their synergic effect in elevating insulin sensitivity. Furthermore, there is a crosstalk between insulin and galanin in their synthesis and secretion. Daily administration of insulin increased galanin-like immunoreactivity in the myenteric plexus of the ileum in 12-week-old rats as rigorous control of their glycemia (Belai et al. 1996) . The splanchnic nerve stimulation induced by insulin resulted in a rapid and robust upregulation of galanin biosynthesis in the chromaffin cells (Anouar & Eiden 1995) . After administration of insulin, the galanin mRNA levels in adrenals were maximally increased at 4 h, remained at maximal elevation for at least 48 h, and returned to baseline levels in 6 days (Anouar & Eiden 1995) . Whereas an infusion of galanin, as mentioned above, caused a rapid, reversible, and dose-dependent reduction in basal insulin secretion from pancreatic islets via pertussis-toxinsensitive G proteins (Cheng et al. 2003 , Manabe et al. 2003 . Interestingly, the injection of galanin has an inhibitory effect on glucose-stimulated, but not L-arginineor potassium-stimulated, insulin release in animals (Yoshimura et al. 1989 ) but fails to modify insulin secretion in man (Ghigo et al. 1992) . Lastly, the synergy between insulin and galanin may result from the superimposed efficiency of their signaling cascades. The canonical insulin-signaling pathway to trigger GLUT4 translocation is composed of PKC, Akt substrate of 160 kDa (AS160) and so on (Sakamoto & Holman 2008 , Stretton et al. 2010 . While galanin-induced GLUT4 trafficking is activated at least via two discrete signaling pathways involving its three subtypes, GalR1-3. The first pathway activates GalR1 and GalR3 to decrease the activity of the cAMP response element binding proteins through Gi/o proteins, resulting in the activation of AS160 (Lang et al. 2007 ). The second pathway activates GalR2 via Gq/11, generating the hydrolysis of inositol phosphate Cotreatment with galanin and insulin enhanced pAS160 and PKC activity levels more than treatment with galanin or insulin alone (nZ8). The pAS160 concentration and PKC activity level were higher in the coadministrative group (DIG) than in either the galanin group (DG) or the insulin group (DI). Additionally, the pAS160 and PKC activity levels in the DG and DI groups were higher than those in the diabetic control (DC) group. The levels for both proteins in myocytes of the DC group were lower than those for the healthy control (HC) group. The band sequence of the representative western blot is HC, DC, DG, DI and DIG. All data shown are the meansGS.E.M. and activation of PKC. Thus, both signaling pathways of insulin and galanin involve the same signaling proteins, AS160 and PKC, which become the meeting points and intersections of the two signaling pathways to trigger GLUT4 traffic. In this study, we found that the pAS160 and PKC activity levels in the cotreatment group were higher than those observed in the groups treated with galanin alone or insulin alone indicating that the interaction and interplay between the two signaling cascades may amplify their intensity and enhance their efficacy of transmission, as a consequence inflating their gains in GLUT4 translocation and glucose uptake in the myocytes of T2DM rats. In short, compared with administration of insulin or galanin, the synergic effect of the two hormones efficaciously improved GLUT4 translocation and insulin sensitivity in the myocytes of T2DM rats. This indicates that galanin in combination with insulin may achieve better curative efficacy than the canonical treatment with insulin alone for insulin resistance and T2DM. This should be helpful for developing new therapeutic strategies for T2DM.
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